Objective: To assess the relationship between short sleep duration and obesity-related variables in children involved in the 'Québec en Forme' Project. Design: Cross-sectional study. Subjects: A total of 422 children (211 boys and 211 girls) aged between 5 and 10 years from primary schools in the City of Trois-Rivières (Québec) were selected to participate in this study. Measurements: Body weight, height and waist circumference were measured. The children were classified as normal, underweight, overweight or obese, according to body mass index (BMI) per age. An exhaustive questionnaire was administered by telephone to the parents of children. Results: The percentage of overweight/obesity was 20.0% in boys and 24.0% in girls. When compared to children reporting 12-13 h of sleep per day, the adjusted odds ratio for childhood overweight/obesity was 1.42 (95% confidence interval 1.09-1.98) for those with 10.5-11.5 h of sleep and 3.45 (2.61-4.67) for those with 8-10 h of sleep after adjustment for age, sex, and other risk factors. Parental obesity, low parental educational level, low total family income, long hours of TV watching, playing videogames or computer utilization, absence of breastfeeding and physical inactivity were also significantly associated with childhood overweight/obesity. In addition, we observed a significant negative association adjusted for age between sleep duration and body weight (À0.33, Po0.01), BMI (À0.12, Po0.01) and waist circumference (À0.24, Po0.01) in boys. Conclusion: An inverse association was observed between sleep duration and the risk to develop childhood overweight/obesity. Longitudinal research will be required to confirm a potential link of causality between these variables.
Introduction
The increase in childhood obesity is a major public health concern in developed countries, and the prevalence has been increasing worldwide over the last decades.
1,2 Potential causes of obesity in children may be divided into genetic, such as parental obesity, 3 and lifestyle factors, such as sedentary behavior and a high intake of energy-dense foods. [4] [5] [6] A large prospective cohort study of more than 8000 children conducted in United Kingdom recently found eight factors in early life associated with an increased risk for obesity in childhood. 7 In addition, several studies have reported a higher probability for obese children to remain obese in adulthood. [8] [9] [10] [11] Owing to the fact that obesity in adults is difficult to treat, 12 the prevention of obesity in childhood is highly desirable. Because the prevalence of childhood obesity is increasing at an alarming rate, many researchers have focused on lifestyle factors in the development of obesity in order to better understand the causes of this epidemic for an optimal management. In this regard, sleep duration seems to be important in the regulation of body weight and metabolism by the modulation of key hormones such as leptin and ghrelin, as suggested by recent findings. 13, 14 Accordingly, because sleep duration is a potentially modifiable risk factor, these findings might have important clinical implications for the prevention and treatment of obesity.
To our knowledge, only a small number of studies have examined the relationship between short sleeping hours and childhood obesity [15] [16] [17] [18] and we believe that the recent findings of Spiegel et al. 13 will renew the interest for this environmental variable in the field of obesity management. Thus, the primary aim of this study was to evaluate the relationship between sleeping hours and variations in body weight by an analysis of data obtained in the pilot study of the 'Québec en Forme' (QEF) Project. In addition, we also focused on the quantification of the risk to be overweight/ obese in the short sleeper child.
Materials and methods

Overview of the project
The QEF Project is based on a new strategy to promote a healthy lifestyle by specifically focusing on sports and physical activity participation in children of low socioeconomic status. This project is a partnership between the Lucie and André Chagnon Foundation and the Government of the Province of Québec (Canada). Its mission is to improve health and global autonomy of children and family by supporting the implementation of a long-term program for sports and physical activities by local community. Furthermore, the QEF objectives are to favor a better social integration, to improve physical health and academic performance, to establish partnerships and to influence the norms, practices and policies in favor of the adoption of a healthy and active lifestyle. The QEF model is a community network called Local Action Committee (LAC) composed by local community health centers, community and recreational centers, municipalities and schools. There are several LACs per region, which are independently responsible for programming sports and physical activities.
The pilot study of the QEF Project was launched in the City of Trois-Rivières on September 2002 with four LACs involving 14 primary schools. The first evaluation was conducted in 1140 children attending these schools. Further details about this cohort are described in the next section.
Subjects
The evaluation was performed between January and March 2003 in 1140 Caucasian children (591 boys and 549 girls) of first, second and fourth grade of the primary school program. Among these children, 701 were chosen at random and an exhaustive questionnaire was administered by telephone to the parents in order to better document the environment of the child. Because of the missing data in 279 subjects, the remaining 422 children (211 boys and 211 girls) represented the study population. Each subject and his/her parents gave their written consent to participate in this study, which received approval of the Sainte-Justine Hospital Ethics Committee in Montreal.
Questionnaire survey
The questionnaire was administered by telephone to the parents of children chosen at random and the two questions on sleep were: 'When does your child usually go to bed during the week?'. There were 10 options ranging from before 1900 to after 2300 and the second question was 'When does your child usually get up in the morning during the week?', with the seven options ranging from before 0600 to after 0830. When the bedtime or time for getting up had been given as the interval, for example, between 0700 and 0730, the time was set at the upper interval (e.g., 0730 here). If the time had been given as before or after an hour, the time was set as this specific hour (e.g., before 0600 was set as 0600). The sleeping time was calculated by the difference between bedtime and time for getting up. In addition, we considered the following potential risk factors for overweight/obesity in children:
Parental obesity: metric self-reporting, height in cm and weight in kg (body mass index (BMI)X30 kg/m 2 in either parent). Parental education: highest level attained by either parent (ordinal). Total family income: categorized into five groups ranging from o20 000$ to 80 000$ or more. Single parenthood: dichotomous (yes/no). Frequency of taking breakfast: rarely, sometimes, almost daily and daily. Watching TV, playing videogames or computer utilization: all three were asked for by hours per day. Frequency of practicing sports activities apart from school: categorized into five groups ranging from never to every day. Breastfed: categorized into nine groups ranging from never to more than 16 months.
Anthropometric measurements and definition of obesity Anthropometric measurements of children were undertaken in a context of group evaluation in physical education class by trained kinesiologists. The height and weight of children were measured with physical education clothing (shorts and T-shirts), but with shoes removed. Height was measured to the nearest 0.1 cm using a stadiometer, and weight was measured to the nearest 0.1 kg using a standard dual reading scale. The height and weight of parents were self-reported in the questionnaire. Body mass index was defined as weight/height 2 , and expressed in kg/m 2 units.
Waist circumference was measured at the umbilicus level over the T-shirt. We used BMI as the index of obesity in childhood. Although there is no established BMI cutoff point for childhood obesity, age-and sex-specific cutoff points linked to adult cutoff points proposed by Cole et al. 19 were used, and in cases with a BMI for age below the 5th percentile, the children were considered underweight. 20 Parental 
Results
The mean age of children was 6.671.6 years for boys and 6.571.5 years for girls. Table 1 shows the frequency of healthy, underweight, overweight and obese children. The percentage of overweight/obesity was 20.0 and 24.0% in boys and girls, respectively. The relationships between parental obesity and other potential risk factors known to interfere with childhood overweight/obesity are presented in Table 2 . Parental obesity, The adjusted ORs for both sexes combined. ORs were adjusted for age, sex and parental obesity.*Po0.01.**Po0.05.
Sleeping and obesity in children J-P Chaput et al low parental educational level, low total family income, long hours of TV watching, playing videogames or computer utilization, absence of breastfeeding and physical inactivity were significantly associated with childhood overweight/obesity. Table 3 presents the relationship between short sleeping hours and overweight/obesity after adjustment for potential risk factors. In the model using children with 12-13 h of sleep as a reference, the adjusted odds ratio was 1.42 (1.09-1.98) for those with 10.5-11.5 h of sleep and 3.45 (2.61-4.67) for those with 8-10 h of sleep. Although age and sex are known to have the potential to interact with several variables affecting childhood overweight/obesity, 22, 23 multiplicative interactions between age, sex and all other potential risk factors did not add to the relationship between risk factors and overweight/obesity in the model. Finally, Figure 1 shows the correlations adjusted for age between sleep duration and body weight, BMI and waist circumference in male children. We observed a significant negative association between sleep duration and body weight (À0.33, Po0.01), BMI (À0.12, Po0.01) and waist circumference (À0.24, Po0.01). These relationships were not statistically significant in girls even though a trend was observed (P-values did not exceed 0.10), possibly caused by the more important dispersion in the scores obtained.
Discussion
Many previous studies have reported that variables such as parental obesity, long TV watching and physical inactivity are associated with childhood overweight/obesity. [3] [4] [5] [6] 15, 23 Our results are consistent with these studies and included many variables having the potential to influence energy balance in children. Furthermore, in agreement with previous studies, [15] [16] [17] [18] we found that short sleeping hours was related to overweight/obesity. These findings are important to keep in mind because sleep duration is a potentially modifiable risk factor that could be important to consider in the prevention and treatment of obesity. Recent evidence suggests a biological plausibility of the relationship between short sleeping hours and obesity. Sleeping and obesity in children J-P Chaput et al Indeed, it was found that short sleep duration was associated with decreased leptin levels, increased ghrelin levels and increased hunger and appetite. 13, 14 In this respect, the changes observed in these two appetite regulatory hormones with sleep curtailment are provocative. If the findings prove to be reproducible and generalizable, and the hormonal changes of leptin and ghrelin owing to sleep curtailment cause changes in food intake over time, we could add sleep duration to the environmental factors that are prevalent in our society and that contribute to weight gain and obesity. With regard to the quantification of the risk to be overweight/obese in the short sleeper child, results obtained in this study corroborate the findings observed in previous studies. 15, 16, 18 Indeed, a dose-response relationship between short sleeping hours and childhood overweight/obesity is observed. In addition, it is not explained by a wide range of risk factors having the potential to influence the regulation of energy balance. Besides sleep duration, body weight is regulated by many other factors. This study also led to the demonstration that parental, socio-economic and lifestyle factors contribute to favor a positive energy balance. Findings observed here are not surprising, with many previous studies having reported some related effects. Even though parental obesity seems to be the most significantly associated with childhood overweight/obesity among the factors entered in the model, we have to keep in mind that a multitude of factors have the potential to influence the regulation of energy balance. Therefore, in a context of preventive medicine, health professionals must consider the obesity problem in a wider context in order to be optimally managed.
Reduction in sleeping hours has become a hallmark of modern society. This later argument is well concordant with the high incidence of today's obesity. Previous data suggest that there may be an 'ideal zone' of sleep duration where detrimental effects of sleeping deviations could perturb energy balance.
14 Nevertheless, it is somewhat paradoxical that sleeping, the most sedentary of all activities, may be associated with leanness. Although recommendations to get both a better night sleep and more exercise might superficially seem to be at odds with each other from the perspective of energy expenditure and energy balance, these simple goals may well become a part of our future approach to combating obesity. It should also be noted that our study has several potential limitations. First, sleeping habits reported by parents were used in the analysis. As parents may report times for going to bed and rising rather than times for going to sleep and waking, reported sleeping hours may be longer than accurate sleeping hours assessed by electroencephalogram (EEG). However, the difference between time spent asleep and total recording period (the time from the start of recording at lights out to the end of the recording at rising) on EEG is small, E30 min in school children. 24 Furthermore, the relationship between short sleeping hours and obesity may remain unchanged, because reported sleeping hours may be uniformly overestimated. Secondly, the relationship may be confounded by energy intake, which we did not measure in this study. Thirdly, obesity in children is sometimes accompanied by psychiatric and somatic problems, including obstructive sleep apnea syndrome (OSAS), 25, 26 which could lead to sleep disturbances. However, the prevalence of OSAS in children is estimated to be 1-3% at a peak age of 2-5 years, and the main cause of OSAS in children is adenotonsillor hypertrophy. 27 In this regard, the confounding effects of OSAS on the sleep-body weight relationship are therefore likely to be small. In conclusion, owing to the fact that an important objective of the QEF Project is to prevent the development of obesity over the school years, our findings raise the attention on the relationship between parental, lifestyle and socio-economic factors and overweight/obesity with special reference to short sleep duration as a possible risk factor for obesity. Indeed, short sleep duration is associated with overweight/obesity in children involved in the QEF Project. Moreover, the effect of sleeping hours on overweight/obesity in children appears to be independent of other risk factors. However, longitudinal research will be required to confirm a potential link of causality.
